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Description

[0001] The present disclosure concerns gas turbine
engines having tip clearance control systems, aircraft
having such engines and methods of operating those air-
craft.

[0002] Tip clearance control systems for both gas tur-
bine engine compressors and turbines are known. One
form of tip clearance control is based on providing cooling
air in a heat exchange relationship with a casing sur-
rounding the relevant rotor. The air is used to selectively
control the thermal growth of the casing, thereby control-
ling the clearance between blade tips and the casing,
particularly during transient operation. In conventional
turbofan tip clearance control systems, the cooling air is
bled from the bypass duct and delivered to the casing.
This can however provide a significant design constraint,
since the pressure ratio available can be marginal in
terms of adequate supply for case cooling. To compen-
sate larger cross-section conduits, valves and manifolds
are used with a view to minimising the pressure drop and
thereby preserving pressure for adequate air delivery vol-
ume to the casing. These larger components add weight.
[0003] According to a first aspect there is provided a
gas turbine engine comprising:

a tip clearance control system having a casing ar-
ranged about a rotor of a gas turbine engine and a
fluid delivery passage; and

a cabin blower system having a cabin blower com-
pressor;

wherein the output of the cabin blower compressor is
coupled to and arranged to deliver fluid to the fluid deliv-
ery passage and to a cabin of an aircraft.

[0004] According to another aspect there is provided
a gas turbine engine comprising a tip clearance control
system, the tip clearance control system comprising a
cabin blower system, a casing arranged in use about a
rotor of a gas turbine engine and a fluid delivery passage,
the cabin blower system comprising a cabin blower com-
pressor arranged in use to compress fluid used in a cabin
of an aircraft and to compress fluid conducted via the
fluid delivery passage into heat exchange with the casing.
[0005] Cabin blower systems are used to pressurise
the cabins of aircraft. Cabin blowers are typically driven
by one or more associated gas turbine engines of the
aircraft. The gas turbine engine may be used to drive a
cabin blower compressor in a number of ways (e.g. using
electrical power generated by the engine or mechanical-
ly).

[0006] Cabin blower systems are typically designed
with significant over-capacity in terms of the require-
ments of the cabin environmental control system. This is
in order that cabin pressurisation can be maintained by
an operational cabin blower system in the event of failure
of the cabin blower system of another engine (or indeed
failure of that engine itself). By utilising this over capacity
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the pressure available for tip clearance control cooling
may be increased by comparison (for instance) with air
bled from a bypass duct downstream of a fan and not
further compressed. This may also allow a reduction in
the size and weight of passages used for delivery of the
fluid because larger pressure drops may be accommo-
dated before there is insufficient pressure for adequate
fluid delivery to the casing. Further any flow volume con-
trol functionality provided for cabin blower compressor
control may also be usable for controlling flow volume to
the casing for cooling. Furthermore passages used for
the delivery of fluid for cabin supply and tip clearance
control uses may be partially shared, reducing weight
and positively affecting installation options.

[0007] The rotor of the first aspect may be a compres-
sor or a turbine, may be a bladed disc or bladed ring and
may comprise a drum pack of multiple stages.

[0008] Insome embodiments the tip clearance control
system comprises a fluid supply passage between a
blower fluid collection inlet and the cabin blower com-
pressor for delivering fluid to the cabin blower compres-
sor. The blower fluid collection inlet may for example
comprise a scoop which, where the gas turbine engine
is a turbofan, may be provided in the bypass duct down-
stream of the fan. More specifically the blower fluid col-
lection inlet may be provided on an outer wall of the by-
pass duct.

[0009] In some embodiments the cabin blower com-
pressor may be driven by a spool of the gas turbine en-
gine. The drive may be delivered via an accessory gear-
box and/or via an electrical motor powered by a generator
driven by the spool and/or via a hydraulic drive.

[0010] In some embodiments the speed of rotation of
the cabin blower compressor is controlled via a transmis-
sion. The transmission may be provided within a drive
path between the accessory gearbox and the cabin blow-
er compressor. The transmission may be a continuously
variable transmission and specifically a toroidal continu-
ously variable transmission. Such a means of varying the
speed of the drive delivered to the cabin blower compres-
sor may be desirable at least in respect of the cabin pres-
surisation element of the tip clearance control system
functionality. Specifically it may not be desirable for the
cabin air flow and pressure to be determined by the par-
ticular operating point of the gas turbine at any particular
moment. Where such a transmission is provided it may
be used to control the speed of the cabin blower com-
pressor and thereby the flow volume supplied to an en-
vironmental control system for cabin supply use. Thus
regardless of engine operating point and ambient air
pressure the cabin flow and pressure can be maintained
within acceptable limits. In the present embodiment how-
ever, the transmission may also be used to control the
flow volume supplied to the casing for tip clearance con-
trol. This may negate the need for two separate flow vol-
ume control mechanisms, one for each of the cabin blow-
er and tip clearance control functions.

[0011] Insome embodiments the toroidal continuously
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variable transmission comprises at least one traction
drive adapted to transmit drive therethrough; the traction
drive comprising first and second toroids, the first and
second toroids each having one of a pair of opposed
toroidal surfaces and there being a set of rotatable vari-
ators disposed between the opposed toriodal surfaces
and where further the first and second toroids are sepa-
rated and are drivingly engaged via a wheel of each var-
iator, each wheel running in use on both of the opposed
toroidal surfaces.

[0012] In some embodiments the transmission further
comprises a bypass drive transmission parallel to the
toroidal continuously variable transmission. The toroidal
continuously variable transmission may be a relatively
inefficient way of delivering all drive. Thus if a direct by-
pass drive transmissionis also provided, the toroidal con-
tinuously variable transmission may be principally used
to vary the output of the direct drive. In this way the trans-
mission efficiency may be increased.

[0013] In some embodiments the transmission is ar-
ranged to combine drive from the toroidal continuously
variable transmission and the bypass drive transmission
and deliver it to the cabin blower compressor. It may be
for example that the drive is combined in a differential
planetary gearbox.

[0014] In some embodiments the tip clearance control
system comprises a controller arranged to control the
transmission to determine the rate at which the cabin
blower compressor is driven in accordance with the re-
quirements for cabin pressurisation and tip clearance
control cooling. The controller may be a processor of the
gas turbine engine (e.g. its engine electronic controller).
Demands for cabin pressurisation may be made by a
processor on an associated aircraft whereas demands
for tip clearance control cooling may be made by the en-
gine processor (e.g. the engine electronic controller). It
may be that compromise logic is employed where the
cabin blower rotation rate demanded is different. The log-
ic may for instance require that the highest demanded
rotation rate wins.

[0015] In some embodiments the transmission is the
sole control mechanism for flow volume delivered to the
casing. Itmay be forinstance that there is no tip clearance
control modulating valve providing a further control
mechanism. By utilising the transmission principally pro-
vided to vary the flow volume delivered for cabin supply
to also control tip clearance control flow volume, weight
may be saved. Further cooling nozzles of a manifold sup-
plied with fluid by the fluid delivery passage may be sized
to suit casing cooling requirements at cruise of the air-
craft.

[0016] In some embodiments a tip clearance control
modulating valve is provided in the fluid delivery passage.
The provision of the tip clearance control modulating
valve may improve the flow volume control to the casing.
It may further reduce the degree of compromise required
in acting upon cabin supply and tip clearance control de-
mands in terms of transmission control and therefore
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cabin blower rotation speed. The tip clearance control
modulating valve may provide simple on/off functionality
or additional variability e.g. continuously variable. Control
of the tip clearance control modulating valve may be per-
formed by the controller.

[0017] Insome embodiments the tip clearance control
system comprises an injector having a motive fluid port,
an entrained fluid port and an outlet port, where the in-
jector forms part of the fluid delivery passage and is con-
nected to an upstream portion thereof at its motive fluid
port and to a downstream portion thereof at its outlet port
and where further an entrained fluid passage connects
the entrained fluid port and an entrained fluid collection
inlet. The entrained fluid collection inlet may for example
comprise a scoop which, where the gas turbine engine
is a turbofan, may be provided in the bypass duct down-
stream of the fan. More specifically the entrained fluid
collection inlet may be provided on an outer wall of the
bypass duct.

[0018] Insome embodiments the tip clearance control
system comprises a heat exchanger arranged to cool the
fluid delivered to the casing. The heat exchanger may
for instance be located within the fluid delivery passage
and may provide heat exchange between fluid com-
pressed by the cabin blower compressor destined for the
casing and a heat sink such as aircraft fuel or bypass
duct air. The heat exchanger may mitigate an increase
in the fluid temperature brought about by its compression
by the cabin blower compressor.

[0019] In some embodiments the gas turbine engine
is a turbofan.
[0020] In some embodiments the blower fluid collec-

tion inlet is provided in the bypass duct downstream of
the fan. Where present the entrained fluid collection inlet
may also be provided in the bypass duct downstream of
the fan.

[0021] In some embodiments the fluid is air.

[0022] According to a second aspect there is provided
an aircraft comprising a gas turbine engine according to
the first aspect.

[0023] Insome embodiments the aircraft comprises at
least two gas turbine engines according to the first as-
pect.

[0024] In some embodiments the aircraft comprises at

least one inter-engine duct via which fluid compressed
by the cabin blower compressor of one of the engines is
selectively deliverable to the tip clearance control system
of another of the engines. Specifically the fluid may be
deliverable to the casing of another of the engines. In this
way, if there is a cabin blower compressor failure of one
engine, tip clearance cooling control may be maintained
for that engine by providing cabin blower compressor flu-
id from another engine.

[0025] According to a third aspect there is provided a
method of operating an aircraft, the aircraft comprising
at least two gas turbine engines according to the first
aspect and at least one inter-engine duct via which fluid
compressed by the cabin blower compressor of one of
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the engines is selectively deliverable to the tip clearance
control system of another of the engines, the method
comprising, delivering fluid from one of the engines hav-
ing an operational cabin blower compressor to the casing
of the other engine via the inter-engine duct when the
cabin blower compressor of that other engine is operating
sub-normally and/or is inoperative.

[0026] The skilled person will appreciate that except
where mutually exclusive, a feature described in relation
to any one of the above aspects may be applied mutatis
mutandis to any other aspect. Furthermore except where
mutually exclusive any feature described herein may be
applied to any aspect and/or combined with any other
feature described herein.

[0027] Embodiments will now be described by way of
example only, with reference to the Figures, in which:

Figure 1 is a sectional side view of a gas turbine
engine;

Figure 2 is a schematic view of a cabin blower sys-
tem in accordance with an embodiment of the inven-
tion;

Figure 3 is a cross-sectional view of a transmission
in accordance with an embodiment of the invention
shown in a forward configuration;

Figure 4is a cross-sectional view of the transmission
of Figure 3 shown in a reverse configuration;

Figure 5 is schematic view of a tip clearance control
system in accordance with an embodiment of the
invention;

Figure 6 is schematic view of a tip clearance control
system in accordance with an embodiment of the
invention;

Figure 7 is schematic view of a tip clearance control
system in accordance with an embodiment of the
invention;

Figure 8 is schematic view of an aircraft in accord-
ance with an embodiment of the invention.

[0028] Withreference to Figure 1, a gas turbine engine
is generally indicated at 10, having a principal and rota-
tional axis 11. The engine 10 comprises, in axial flow
series, an air intake 12, a propulsive fan 13, an interme-
diate pressure compressor 14, a high-pressure compres-
sor 15, combustion equipment 16, a high-pressure tur-
bine 17, an intermediate pressure turbine 18, alow-pres-
sure turbine 19 and an exhaust nozzle 20. A nacelle 21
generally surrounds the engine 10 and defines both the
intake 12 and the exhaust nozzle 20.

[0029] The gas turbine engine 10 works in the conven-
tional manner so that air entering the intake 12 is accel-
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erated by the fan 13 to produce two air flows: a first air
flow into the intermediate pressure compressor 14 and
a second air flow which passes through a bypass duct
22 to provide propulsive thrust. The intermediate pres-
sure compressor 14 compresses the air flow directed into
it before delivering that air to the high pressure compres-
sor 15 where further compression takes place.

[0030] The compressed air exhausted from the high-
pressure compressor 15 is directed into the combustion
equipment 16 where it is mixed with fuel and the mixture
combusted. The resultant hot combustion products then
expand through, and thereby drive the high, intermediate
and low-pressure turbines 17, 18, 19 before being ex-
hausted through the nozzle 20 to provide additional pro-
pulsive thrust. The high 17, intermediate 18 and low 19
pressure turbines drive respectively the high pressure
compressor 15, intermediate pressure compressor 14
and fan 13, each by suitable interconnecting shaft.
[0031] Other gas turbine engines to which the present
disclosure may be applied may have alternative config-
urations. By way of example such engines may have an
alternative number of interconnecting shafts (e.g. two)
and/or an alternative number of compressors and/or tur-
bines. Further the engine may comprise a gearbox pro-
vided in the drive train from a turbine to a compressor
and/or fan.

[0032] Referring now to Figure 2 an aircraft cabin blow-
er system is generally provided at 30.

[0033] The cabin blower system 30 has a shaft of a
gas turbine engine (not shown) and a cabin blower com-
pressor 32 connected in adriving relationship. In the drive
path intermediate the gas turbine engine shaft and cabin
blower compressor 32 are an accessory gearbox 34 of
the gas turbine engine and a transmission 36. The shaft
of the gas turbine engine and the accessory gearbox 34
are drivingly coupled by an accessory gearbox shaft 38.
The accessory gearbox 34 and transmission 36 are driv-
ingly coupled by an intermediate shaft 40. The transmis-
sion 36 and cabin blower compressor 32 are drivingly
coupled by acompressor shaft42. As will be appreciated,
in other embodiments variations to the arrangement
above are possible. It may be for instance that the ac-
cessory gearbox 34 could be omitted from the drive path
and the intermediate shaft 40 drivingly coupling the trans-
mission 36 directly to the shaft of the gas turbine engine.
[0034] The cabin blower compressor 32 is disposed in
a duct system 44 connecting a scoop (not shown) on an
outer wall of a bypass duct (not shown) of the gas turbine
engine and aircraft cabin air conditioning outlets (not
shown). Between the cabin blower compressor 32 and
air conditioning outlets in the duct system 44 is a starter
air shut off valve 46. The shut-off valve 46 is arranged to
be operable to alternatively allow one of two conditions.
In afirst condition the valve 46 permits the flow of air from
the cabin blower compressor 32 towards the air condi-
tioning outlets and seals communication between the
duct system 44 and a starter conduit (not shown). The
starter conduit connects the duct system 44 at the loca-
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tion of the valve 46 and a port to atmosphere. In a second
condition the valve 46 permits flow from the starter con-
duit towards the cabin blower compressor 32 and pre-
vents flow towards the air conditioning outlets.

[0035] Between the cabin blower compressor 32 and
the valve 46 is an array of variable exit guide vanes (not
shown) disposed immediately adjacent the cabin blower
compressor 32.

[0036] Thesystem 30 has bothaforwardandareverse
configuration which in use allow the system 30 to perform
as a cabin blower or as part of a starter system for the
gas turbine engine respectively.

[0037] In the forward configuration the cabin blower
compressor 32 is driven by the gas turbine engine shaft
via the accessory gearbox shaft 38, the accessory gear-
box 34, the intermediate shaft 40, the transmission 36
and the compressor shaft 42. The cabin blower compres-
sor 32, driven by the gas turbine engine shaft, compress-
es air collected by the scoop and delivered to the cabin
blower compressor 32 via the duct system 44. This com-
pressed air is conditioned by the variable exit guide
vanes, positioned accordingly, to convert radial velocity
kinetic energy of the air into higher static pressure, al-
lowing it to be turned with less loss. The variability of the
exit guide vanes means that a wider range of air flow
rates, velocities and pressures can be effectively condi-
tioned. Thereafter the air is delivered by the duct system
44 for regulated use in the cabin of the aircraft via the air
conditioning outlets. The starter air shut-off valve 46 is
placed in its first condition so as to permit flow towards
the air conditioning outlets and to prevent losses to at-
mosphere via the starter conduit. The rate at which the
cabin blower compressor 32 is driven is controlled via
the transmission 36, the gearing of which is controlled
via a control signal 48 from a controller (not shown).
[0038] In the reverse configuration the cabin blower
compressor 32 acts as a turbine and drives the gas tur-
bine engine shaft via the compressor shaft 42, transmis-
sion 36, intermediate shaft 40, accessory gearbox 34 and
accessory gearbox shaft 38. The cabin blower compres-
sor 32 is driven by gas (typically air) supplied from an
external source via the starter conduit. With the valve 46
in its second condition gas supplied by the external
source is supplied to the cabin blower compressor 32 in
ordertodrive it, while losses to the air conditioning outlets
are prevented. The variable exit guide vanes, positioned
accordingly, are used to direct the gas delivered via the
starter conduit so as to encourage efficient driving of the
cabin blower compressor 32 in the opposite direction to
its rotation when the system 30 is operating in the forward
configuration. Furthermore the transmission 36 is adjust-
ed so that despite the rotation of the cabin blower com-
pressor 32 in the opposite direction to that when the sys-
tem 30 is operated in the first configuration, the drive
direction delivered to the shaft of the gas turbine engine
is common to the direction of rotation of the same shaft
when the system 30 is operated in the first configuration.
[0039] Referring now to Figures 3 and 4 the transmis-
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sion 36 and in particular its first (Figure 3) and second
(Figure 4) configurations are described in more detail.
[0040] The transmission 36 has atoroidal continuously
variable transmission (CVT) generally provided at 50.
The toroidal CVT 50 has first 52 and second 54 traction
drives. Each traction drive 52, 54 has first 56 and second
58 toroids. The first toroid 56 of each traction drive 52,
54 is provided on and surrounds a first transmission shaft
60. The second toroid 58 of each traction drive 52, 54 is
provided on and surrounds a second transmission shaft
62. The first 60 and second 62 transmission shafts are
coaxial and the first transmission shaft 60 passes through
the second transmission shaft 62. The first transmission
shaft 60 is longer than the second transmission shaft 62
in order to accommodate the first toroids 56 provided
thereon.

[0041] The first 56 and second 58 toroids of each trac-
tiondrive 52, 54 define a pair of opposed toroidal surfaces
64 and a pair of opposed parallel engagement surfaces
65. Disposed between the opposed toroidal surfaces 64
of eachtractiondrive 52, 54 are a set of rotatable variators
66 (two per traction drive 52, 54 shown). Each variator
66 has a wheel 68 capable of simultaneously engaging
and running on the opposed toroidal surfaces 64 of the
respective traction drive 52, 54. Each variator 66 is also
rotatable about an axis so as to vary the diameter at which
the wheel 68 engages each of the opposed toroidal sur-
faces 64, increasing the diameter for one and reducing
it for the other of the opposed toroidal surfaces 64. Each
variator 66 is also rotatable to a degree such that the
wheel 68 no longer engages one of the opposed toroidal
surfaces 64.

[0042] The transmission 36 also has a bypass drive
transmission 70 having a bypass transmission shaft 72.
The bypass transmission shaft is non-coaxial with the
first 60 and second 62 transmission shafts and is radially
displaced therefrom. The bypass transmission shaft 72
is however parallel to the first 60 and second 62 trans-
mission shafts.

[0043] Provided on the second transmission shaft 62
is a first gear of the transmission 74. The first gear 74 is
a sun gear of a differential planetary gearbox 76. A ring
gear 78 of the gearbox 76 is engaged with a second gear
of the transmission 80 provided on the bypass transmis-
sion shaft 72. Between and engaged with the sun gear
(first gear 74) and ring gear 78 are a plurality of planet
gears 82 supported by a planet carrier gear 84. The plan-
et carrier gear 84 is engaged with a compressor gear 86
of the compressor shaft 42. Consequently the planet car-
rier gear 84 is engaged with the compressor 36. As will
be appreciated, in alternative embodiments the first gear
74, second gear 80 and compressor gear 86 may be or
may be engaged with alternative of the gears of the dif-
ferential planetary gearbox 76 mentioned. Indeed each
possible combination is considered in order that in-
creased design freedom is available in terms of selecting
fundamental gear ratios.

[0044] A third gear of the transmission 88 is provided
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on the first transmission shaft 60 and a fourth gear of the
transmission 90 is provided on the bypass transmission
shaft 72. The third gear 88 and fourth gear 90 both en-
gage a common gear 92 provided on the intermediate
shaft 40. Both the first transmission shaft 60 and bypass
transmission shaft 72 are therefore engaged to the shaft
of the gas turbine engine.

[0045] Referring specifically now to Figure 3, the trans-
mission 36 is shown in the forward configuration. In the
forward configuration the first 56 and second 58 toroids
of each traction drive 52, 54 are axially separated and
the wheels 68 of each variator 66 engage both respective
opposed toroidal surfaces 64. Consequently the op-
posed parallel engagement surfaces 65 are axially sep-
arated and therefore non-engaged. Power is delivered
to the transmission 36 from the shaft of the gas turbine
engine via the intermediate shaft 40 and common gear
92. This drives both the first transmission shaft 60 and
bypass transmission shaft 72. The first transmission shaft
60 drives the second transmission shaft 62 via the first
56 and second 58 toroids and the variator wheels 68.
The bypass transmission shaft 72 and second transmis-
sion shaft 62 provide input drive to the gearbox 76 in
opposite directions. Output from the gearbox 76 is via its
planet carrier gear 84, via which drive is delivered to the
cabin blower compressor 32.

[0046] Aswill be appreciated the rate at which the plan-
et carrier gear 84 spins and therefore the rate at which
the compressor 32 is turned will depend on the relative
input rates to the gearbox 76 from the bypass transmis-
sion shaft 72 and the second transmission shaft 62.
These relative rotation rates will determine the combined
drive rate outputted via the planet gears 82. Thus be-
cause the input from the second transmission 62 is var-
iable in accordance with the rotational position of the var-
iators 66, the rate at which the cabin blower compressor
32 is spun is selectively variable. Control over the rota-
tional position of the variators 66 is in accordance with
signals 48 from the controller (not shown). Specifically
the signals will determine the position to which the vari-
ators 66 are rotated and therefore the diameter of the
respective opposed toroidal surfaces 64 at which the
wheels 68 engage. The rotation therefore allows adjust-
ment to be made to the gearing between the toroids 56,
58. The signals sent by the controller are in accordance
with cabin air conditioning and pressurisation require-
ments. Because the toroidal CVT 50 is effectively used
to modify the drive provided by the bypass drive trans-
mission 70, power transmission may be more efficient
than if power was transmitted exclusively via the toroidal
CVT 50.

[0047] Referring specifically now to Figure 4, the trans-
mission 36 is shown in the reverse configuration. In the
reverse configuration the first 56 and second 58 toroids
of each traction drive 52, 54 are in direct engagement
via their opposed parallel engagement surfaces 65. As
will be appreciated the first 56 and second 58 toroids of
each traction drive 52, 54 have been forced together by
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comparison with their position in the first configuration
(Figure 3). In order to achieve this the variators 66 are
rotated so as their wheels 68 no longer engage the first
toroid 56 in each traction drive 52, 54 and so as the ro-
tation is sufficient such that the variators 66 would no
longer impede the closing of the axial gap between the
toroids 56, 58. Thereafter the toroids 56, 58 of each var-
iator 66 are moved together and forced into a resilient
engagement at their opposed parallel engagement sur-
faces 65 by an end load delivery system 94 comprising
a hydraulically actuated piston. Power is delivered to the
transmission 36 from the cabin blower compressor 32
driven by an external source of gas and acting as a tur-
bine. Power from the cabin blower compressor 32 is de-
livered via the compressor shaft 42 and compressor gear
86 to the planet carrier gear 84 and into the gearbox 76.
The gearbox 76 drives the second transmission shaft 62
and bypass transmission shaft 72. The second transmis-
sion shaft 62 drives the first transmission shaft 60 via the
rotationally locked toroids 56, 58 of each traction drive
52, 54. The first transmission shaft 60 and bypass trans-
mission shaft 72 drive the gear of the gas turbine engine
via the common gear 92 and intermediate shaft 40. In
this way the shaft of the gas turbine engine can be turned
and air delivered to combustors before fuel is delivered
and ignited.

[0048] As will be appreciated, after engine start, the
system 30 can be returned to the forward configuration
for delivering pressurised cabin air by driving the toroids
56, 58 apart using the end load delivery system 94.
Thereafter the variators 66 are rotated so as the wheels
68 are orientated for engagement with both opposed
toroidal surfaces 64 before the end load delivery system
94 drives the toroids 56, 58 towards each other until the
wheels 68 engage both toroids. As will be appreciated,
further temporary separation of the toroids 56, 58 by the
end load delivery system 94 may be desirable and/or
necessary before the variators 66 are re-oriented so as
tobe primed forengagement ofthe engagement surfaces
65 and operation of the system 30 in the reverse config-
uration.

[0049] Whilst the cabin blower system 30 and trans-
mission 36 have been described inisolation for simplicity,
the aircraft cabin blower system 30 and cabin blower sys-
tems similar thereto may be integrated so as to be part
of various tip clearance control systems as illustrated be-
low with reference to Figures 5-8.

[0050] Figure 5 shows a tip clearance control system
generally provided at 100. The tip clearance control sys-
tem 100 has a blower fluid collection inlet comprising a
scoop 102. The scoop 102 is located on an outer wall
(not shown) of a bypass duct (not shown) of a turbofan
engine (not shown) downstream of its fan. The scoop
102 feeds a fluid supply passage 104 in the form of a
conduit, which in turn feeds a cabin blower compressor
106. At an outlet to the cabin blower compressor 106 is
a fluid delivery passage 108 leading to a manifold 110 of
cooling nozzles 112. The cooling nozzles are directed at
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a heat sink 114 in good thermal contact with a casing
116 of the turbofan engine. The casing 116 surrounds a
turbine of the engine and has an internal surface 118
facing and in close proximity to blade tips 120 of the tur-
bine. A branch 122 from the fluid delivery passage 108
is in fluid communication with an environmental control
system of an aircraft associated with the turbofan engine.
[0051] The cabin blower compressor 106 is connected
via a driving link to a toroidal continuously variable trans-
mission 124, which is itself connected via a driving link
to an accessory gearbox 126 of the engine, which is in
turn connected via a driving link to a spool of the engine.
[0052] A controller, in this case an aircraft processor
128is arrangedto receive signals from the environmental
control system and from an electronic control unit 130 of
the engine, the signals being indicative of a demanded
change in cabin air pressure and tip clearance cooling
air pressure respectively. The aircraft processor 128 is
arranged to send signals that adjust the transmission in
response to the demands.

[0053] In use the cabin blower compressor 106 is driv-
en by the spool of the engine, via the accessory gearbox
126 and transmission 124. The cabin blower compressor
106 compresses air collected by the scoop 102 and de-
livered by the fluid supply passage 104. A proportion of
the compressed air is delivered via the fluid delivery pas-
sage 108 to the manifold 110 of cooling nozzles 112. This
compressed air is directed into contact with the heat sink
114 by the cooling nozzles 112 whereupon it cools the
heat sink 114 and thereby the casing 116, tending to
contract it. Thereafter the air is exhausted overboard via
an exhaust conduit. The remainder of the compressed
air supplied by the cabin blower compressor 106 is de-
livered via the delivery passage 108 and the branch 122
therefrom to the environmental control system where it
is used to pressurise the cabin.

[0054] Where the need for a change in cabin pressur-
isation is sensed/determined, the transmission 124 is ad-
justed by the aircraft processor 128 to correspondingly
increase or decrease the speed of rotation of the cabin
blower compressor 106. Similarly where the need for a
change in casing 116 cooling is sensed/determined, the
engine electronic controller 130 sends a signal to the
aircraft processor 128, which in turn correspondingly ad-
justs the transmission 124 accordingly. Because the
transmission 124 provides the sole control mechanism
for the flow volume delivered for tip clearance control and
cabin pressurisation, a degree of compromise may be
required. Thus the aircraft processor 128 may employ a
highest or lowest wins logic or else cabin pressurisation
requirement wins logic.

[0055] Referring now to Figure 6 atip clearance control
system generally provided at 200 is shown. The tip clear-
ance control system 200 is similar to the tip clearance
control 100 of Figure 5 and like features are given like
reference numerals in the series 200.

[0056] As before there is therefore a blower fluid col-
lection inlet comprising a scoop 202, a fluid supply pas-
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sage 204 and a cabin blower compressor 206. There is
also a fluid delivery passage 208, a manifold 210, cooling
nozzles 212, a heat sink 214 and a casing 216. The cas-
ing 216 surrounds a turbine of the engine and has an
internal surface 218 facing and in close proximity to blade
tips 220 of the turbine. As before a branch 222 from the
fluid delivery passage 208 in fluid communication with
an environmental control system is provided. Similar
transmission features are also present (i.e. a toroidal con-
tinuously variable transmission 224 and an accessory
gearbox 226), as are an aircraft processor 228 and en-
gine electronic control 230.

[0057] The only modification is the provision of a tip
clearance control modulating valve 232, actuation of
which is under the control of the engine electronic control
230. Actuation of the tip clearance control modulating
valve 232 varies the volume of compressed air reaching
the manifold 210, cooling nozzles 212 and heat sink 214
so as to vary the cooling of the casing 216. The provision
of the tip clearance control modulating valve 232 there-
fore reduces the degree of compromise that must be ex-
ercised by the aircraft processor 228 in adjusting the
transmission 224 for acceptable tip clearance control
cooling and cabin pressurisation. Specifically, even
where the speed of the cabin blower compressor 206 is,
in view of cabin pressurisation requirements, set higher
than desirable for tip clearance cooling purposes, the vol-
ume of flow to the heat sink 214 may be limited by ap-
propriate actuation of the tip clearance control modulat-
ing valve 232.

[0058] Referring now to Figure 7 atip clearance control
system generally provided at 300 is shown. The tip clear-
ance control system 300 is similar to the tip clearance
control 200 of Figure 6 and like features are given like
reference numerals in the series 300.

[0059] As before there is therefore a blower fluid col-
lection inlet comprising a scoop 302, a fluid supply pas-
sage 304 and a cabin blower compressor 306. There is
also a fluid delivery passage 308, a tip clearance control
modulating valve 332 a manifold 310, cooling nozzles
312, a heat sink 314 and a casing 316. The casing 316
surrounds a turbine of the engine and has an internal
surface 318 facing and in close proximity to blade tips
320 of the turbine. As before a branch 322 from the fluid
delivery passage 308 in fluid communication with an en-
vironmental control system is provided. Similar transmis-
sion features are also present (i.e. a toroidal continuously
variable transmission 324 and an accessory gearbox
326), as are an aircraft processor 328 and engine elec-
tronic control 330.

[0060] The only modification is the provision of an in-
jector 334 forming part of the fluid delivery passage 308.
The injector 334 has a motive fluid port 336 connected
to an upstream portion 338 of the fluid delivery passage
308, an entrained fluid port 340 connected to an entrained
fluid passage 342 and an outlet port 344 connected to a
downstream portion 346 of the fluid delivery passage
308. The entrained fluid passage 342 has an entrained
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fluid collection inlet (in this case a further scoop 348)
provided in the bypass duct. This arrangement means
that not only is compressed air from the cabin blower
compressor 306 delivered to the heat sink 314 (when the
tip clearance control modulating valve 332 is open), but
also air captured by the further scoop 348 and entrained
in the injector 334. This may raise the pressure and flow
volume available for cooling the casing 316.

[0061] Referring now to Figure 8 part of an aircraft is
generally shown at 400. The aircraft 400 has two gas
turbine engines 402. Each engine 402 is associated with
a cabin blower system 404 and broader tip clearance
control system similar to those previously described.
Each engine 402 therefore has a casing (not shown), a
cabin blower compressor 406 a fluid delivery passage
408 and a branch 410 from the fluid delivery passage
408 in fluid communication with an environmental control
system of the aircraft 400.

[0062] Linking the branches 410 associated with each
engine 402 in fluid communication is an inter-engine duct
412. The inter-engine duct 412 is provided with a cross
flow valve 414.

[0063] In use the inter-engine duct 412 allows air com-
pressed by the cabin blower compressor 406 of one of
the engines 402 to deliver air for cooling the casing of
the other engine 402. Control of this delivery is under-
taken by an aircraft processor of the aircraft 400 via the
cross flow valve 414. Thus where there is a failure (or
other operational constraint) of one engine 402 or the
associated cabin blower system 404 in such a manner
that air might still be usefully supplied for cooling its cas-
ing from the other engine 402, the cross flow valve 414
may be opened by the aircraft processor. Otherwise the
cross flow valve 414 may be maintained closed.

[0064] The cabin blower compressor 404 of each en-
gine 402 is arranged such that it has sufficient capacity
to meet all normal environmental control system de-
mands, cooling demands for its own casing and cooling
demands for the casing of the further engine 402. This
fact in combination with the provision of the inter-engine
duct 412 may provide a degree of redundancy for tip
clearance controlin the event of complete or partial failure
of an engine.

[0065] It will be understood that the invention is not
limited to the embodiments above-described and various
modifications and improvements can be made without
departing from the concepts described herein. By way of
example a heat exchanger may be provided in the deliv-
ery duct to cool the compressed air before it reaches the
casing. Except where mutually exclusive, any of the fea-
tures may be employed separately or in combination with
any other features and the disclosure extends to and in-
cludes all combinations and subcombinations of one or
more features described herein.
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Claims

1.

A gas turbine engine (10) comprising:

- a tip clearance control system (100) having a
casing (116) arranged about a rotor of a gas
turbine engine (10) and a fluid delivery passage
(108); and

- a cabin blower system (30) having a cabin
blower compressor (32);

wherein the output of the cabin blower compressor
(32) is coupled to and arranged to deliver fluid to the
fluid delivery passage (108) and to a cabin of an air-
craft.

A gas turbine engine (10) according to claim 1 where
the cabin blower compressor (32) is driven by a spool
of the gas turbine engine (10).

A gas turbine engine (10) according to claim 1 or
claim 2 where the speed of rotation of the cabin blow-
er compressor (32) is controlled via a toroidal con-
tinuously variable transmission (50).

A gas turbine engine (10) according to claim 3 where
the toroidal continuously variable transmission (50)
comprises atleast one traction drive (52, 54) adapted
to transmit drive therethrough; the traction drive (52,
54) comprising first and second toroids (56, 58), the
first and second toroids (56, 58) each having one of
a pair of opposed toroidal surfaces (64) and there
being a set of rotatable variators (66) disposed be-
tween the opposed toroidal surfaces (64) and where
further the first and second toroids (56, 58) are sep-
arated and are drivingly engaged via a wheel (68) of
each variator (66), each wheel (68) running in use
on both of the opposed toroidal surfaces (64).

A gas turbine engine (10) according to claim 4 where
the transmission (36) further comprises a bypass
drive transmission (70) parallel to the toroidal con-
tinuously variable transmission (50).

A gas turbine engine (10) according to claim 5 where
the transmission (36) is arranged to combine drive
from the toroidal continuously variable transmission
(50) and the bypass drive transmission (70) and de-
liver it to the cabin blower compressor (32).

A gas turbine engine (10) according to any of claims
3 to 6 where the tip clearance control system (100)
comprises a controller (128) arranged to control the
transmission (36) to determine the rate at which the
cabin blower compressor (32) is driven in accord-
ance with the requirements for cabin pressurisation
and tip clearance control cooling.
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A gas turbine engine (10) according to any of claims
3 to 7 where the transmission (36) is the sole control
mechanism for flow volume delivered to the casing.

A gas turbine engine (10) according to any of claims
1to 7 where a tip clearance control modulating valve
(232) is provided in the fluid delivery passage (108).

A gas turbine engine (10) according to any preceding
claim where the tip clearance control system (100)
comprises an injector (334) having a motive fluid port
(336), an entrained fluid port (340) and an outlet port
(344), where the injector (334) forms part of the fluid
delivery passage (108) and is connected to an up-
stream portion (338) thereof at its motive fluid port
(336) and to a downstream portion (346) thereof at
its outlet port (344) and where further an entrained
fluid passage (342) connects the entrained fluid port
(340) and an entrained fluid collection inlet (348).

A gas turbine engine (10) according to any preceding
claim where the tip clearance control system (100)
comprises a heat exchanger arranged to cool the
fluid delivered to the casing (116).

An aircraft (400) comprising a gas turbine engine
(10) according to any of claims 1 to 11.

An aircraft (400) comprising at least two gas turbine
engines (10) according to any of claims 1 to 11.

An aircraft (400) according to claim 13 where the
aircraft (400) comprises at least one inter-engine
duct (412) via which fluid compressed by the cabin
blower compressor (32) of one of the engines (10)
is selectively deliverable to the tip clearance control
system (100) of another of the engines (10).

A method of operating an aircraft (400), the aircraft
(400) comprising at least two gas turbine engines
(10) according to any of claims 1 to 11 and at least
one inter-engine duct (412) via which fluid com-
pressed by the cabin blower compressor (32) of one
of the engines (10) is selectively deliverable to the
tip clearance control system (100) of another of the
engines (10), the method comprising, delivering fluid
from one of the engines (10) having an operational
cabin blower compressor (32) to the casing (116) of
the other engine (10) via the inter-engine duct (412)
when the cabin blower compressor (32) of that other
engine (10) is operating sub-normally and/or is in-
operative.
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